The Internet makes it possible to conduct activities, such as working and shopping, without travelling to activity places. As e-shopping becomes popular, it can fundamentally change people's travel behaviour. In this study we have used a literature review, an Internet survey of e-shoppers, and the Netherlands National Travel Survey to analyse the possible impact of e-shopping on travel behaviour. The findings of our analyses indicate that people living in areas with relatively many shopping opportunities buy online as often as people who live in areas with relatively few shopping opportunities. People who spend a lot of time on in-store shopping are typically women, over sixty years of age, with a low level of education, on a low income, and living in a more urbanized area; online buyers can be characterized as men, aged between 25 and 40, highly educated, on a high income, and living in a less urbanized area. From the review and findings, we have derived four hypotheses describing the future impact of e-shopping on travel: first, some shopping time will be saved and used for other maintenance or leisure activities instead; second, the enlargement and fragmentation of an individual's action spaces will be fostered and so lead to increased travel distances; third, e-shopping will affect travel behaviour most in the urbanized Western part and in the less urbanized parts of the Netherlands; finally, a reduction in car travel in the less urbanized areas of the Netherlands and a reduction in walking and cycling in the more urbanized areas of the Netherlands is expected.
INTRODUCTION
Information and Communication Technology (ICT) poses important challenges to transportation planners. The Internet makes it possible to conduct activities such as working and shopping without travelling to activity places. As the popularity of shopping via the Internet (e-shopping) increases, it could fundamentally change people's travel behaviour and ultimately the use of transport systems and the spatial configuration of shops. Eshopping could substitute, modify, or generate personal trips. The substitution of trips occurs when e-shopping replaces a shopping trip and no other trips are undertaken. The modification of trips may happen when the destination choice, mode choice, or timing of the trip is adjusted because of e-shopping. The generation of trips occurs when e-shopping produces a trip that otherwise would not have been made.
Telecommuting has already received considerably attention (see for example, [1] [2] [3] . In contrast, eshopping and its relationship with personal travel behaviour has received far less attention. Only a few studies have been conducted (4, 5, for example). Many publications have a hypothetical and theoretical character. Most of the empirical studies tend to consider e-shopping as part of home-shopping (shopping by catalogue, television, fax, or telephone) and not as an activity via the Internet. Finally, most studies have been carried out in the USA and not in Europe. Further evidence from Europe is needed since not only the socio-cultural and planning contexts but also the urbanization patterns differ from those in the USA (6) .
The aim of this study is to develop hypotheses on the relationships between e-shopping and personal travel behaviour. Two questions are of interest: What is the impact of personal and residential environment characteristics on e-shopping? What is the potential impact of e-shopping on travel behaviour? To address these questions, we have used three sources of information. First, we provide a review of the existing literature on factors affecting e-shopping and the impact of e-shopping on personal travel behaviour in section 2. Second, we have used a dataset, which gives information on the actual use of e-shopping by different population categories in different residential environments in the Netherlands (section 4). Third, we have used data from the 1998 Netherlands National Travel Survey (NTS) to analyse time spent on in-store shopping and travel for shopping (section 5). A description of the data employed is given in section 3. Finally, in the concluding section we report some hypotheses developed about the relationship between e-shopping and travel behaviour.
LITERATURE REVIEW

Factors affecting e-shopping
E-shopping can be defined as an activity to buy or to get information about consumer goods via the Internet (7). Of course, both buying and obtaining information are activities that can take place via the Internet. However, eshopping also enables a spatial and temporal fragmentation and recombination of several stages in the shopping process (7) . For example, one can obtain information about a certain product by in-store shopping and purchase the product via the Internet. It is also possible to use the Internet to obtain information about a product and then buy it in a brick-and-mortar store. Additionally, e-shopping differs from other in-home shopping forms (like catalogues or television shopping channels) in interactivity and logical capability (8) .
The Internet is an interactive medium where the consumer can decide on the navigation route and thus exercise control over the content being displayed. Logical operations like sorting, comparing, and querying data are easy to make, which enlarge the capabilities of the Internet in handling information compared with other inhome shopping forms. For example, grocery shopping lists can be created and saved for future use. In the literature, four factors can be identified that affect the behavioural choices in the shopping process. These include: 1) shopping motive; 2) product characteristics; 3) shopping mode characteristics; 4) individual characteristics (9, 10) . We briefly discuss these factors below.
First, ICT use could affect the motives for participating in shopping, or any other activity (see for example, [10] [11] [12] . Shopping activities have several functions. One of these is the economic function, such as buying a product. Shopping may also fulfil some social functions (meeting people, conversation) and recreational functions (physical exercise, entertainment). Psychological needs may also be met by this activity, such as the need for exposure to information, or to fresh stimuli. The functions shopping activities have for individuals at a given time will influence the decision whether to buy online, or to buy in-store (13) . Second, product characteristics can affect e-shopping. The kinds of products that are popularly purchased via e-shopping are computers, computer hardware and software, CDs, books, travel tickets, cinema and concert tickets, but also fast food delivery, such as pizzas (14) (15) (16) . However, people prefer to buy in-store such items as clothes, furniture, and cosmetics. Of the online grocery shoppers, most would not buy meat, dairy produce, or other perishables online. It can be concluded that 'search goods', such as books and CDs, are more suited to Internet purchase than 'experience goods', such as fresh vegetables (9) . Third, e-shopping rates relatively low in comparison with in-store shopping on such shopping mode characteristics as product information, product sales, security of transactions, and ease of returning merchandise (15, 17, 18) . E-shopping is rated relatively high on timesaving and flexibility in shopping hours. The preferred payment method for e-shopping is either cash on delivery or by means of a credit card through the Internet (14, 15) . Fourth, e-shopping is mainly done by young male graduates in professional occupations and on high incomes (6, 14, (19) (20) (21) (22) . Another type of profile is prevalent for online grocery shoppers: young, highly educated women with high incomes and at least one child (18, 23) . Income positively affects online buying, and the intention to buy online (21, 24, for example).
Verhoef and Langerak (25) found a positive relationship between time pressure and the intention to buy groceries online. In general, the most frequently cited reasons for online shopping are convenience and timesaving, together with the opportunity to purchase unique products, and (physical) mobility constraints for instore shopping (14, 15, 23, 24) . However, a study by Maher et al. (26) of women's attitudes towards and use of shopping modes failed to find any effect from convenience on e-shopping. Other studies have also failed to find the expected relationship between time pressure and the intention to buy different kinds of products online (19, 24) . The contradictory findings can perhaps be accounted for by differences in methods, or sample size and composition.
Besides sociodemographic variables, other personal (behavioural) variables could also be relevant. Research shows that past behaviour and attitudes towards e-shopping have an impact on e-shopping. The number of months' experience on the Internet, the frequency of Internet use, Internet search for product information, Internet purchase experience, and mail order experience positively affect the intention to buy online as well as actual online buying behaviour. Computer education also positively influences the intention to buy online (27) . A positive attitude towards e-shopping, such as the perceived quality of vendors on the Internet, also positively affects the intention to buy online (19 , 24, 26-28) .
This short literature review on the use of e-shopping shows that the choice for e-shopping is influenced by personal and household attributes, such as education, income, gender, age, presence of children, employment, time pressure, and computer and Internet experience, but also by attributes of the shopping activity, such as the function of the shopping activity, characteristics of the product, product information, security, and payment method. One of the main reasons for e-shopping is to save time. In our opinion, the relative weight on eshopping of time-pressured personal and household attributes, such as labour participation and childcare, needs to be analysed in more detail.
Unfortunately, in the literature we can find hardly any information on the potential impact of urban form attributes on e-shopping. Maybe one of the reasons for this omission is the fact that most researchers who have analysed the use of e-shopping are marketing researchers who do not have a primary interest in the impact of spatial contexts (14, 15, 19, (23) (24) (25) , for example). In any case, we consider that urban form may have an impact on e-shopping. We might expect households living in the suburbs, or in rural areas at a greater distance from shopping locations than urban households, to be more inclined to buy online, because they could save relatively more shopping travel time.
2.2
Impact of e-shopping on personal travel behaviour
To date, much of the literature about ICT and travel deals with telecommuting (for example, 1, 2, 29) . In comparison with telecommuting, empirical studies about e-shopping and travel are scarce. We first discuss the studies that deal with the frequency of trips and then consider other characteristics of travel behaviour.
The only empirical study of which we are aware that compares the travel behaviour of e-shoppers with non-e-shoppers was carried out by Casas and colleagues (5) . They analysed the impact of Internet shopping on the frequency of in-store shopping trips. Data were used from a household travel survey of 3,931 households (9,132 people) in Sacramento, California, USA. The survey concentrated on weekday travel. The data were collected by means of interviews and one-day travel diaries. Of all the respondents, 37% were classified as Internet shoppers: people who had used the Internet either to search for product information, or to purchase a product. Unfortunately, no indication is given of what kind of products were searched for or purchased. After controlling for gender, age, and income the results showed that Internet shoppers made more trips in general, as well as more shopping trips in particular than non-Internet shoppers. High trip rates were associated with income and age. Casas and colleagues attribute their findings to the active lifestyle of Internet shoppers. The authors conclude that shopping via the Internet has not substituted for store shopping trips. Neither has a reallocation of shopping trips to other types of travel taken place. According to them, e-shopping is used as an additional shopping method, which does not change trip making behaviour, but does change shopping behaviour. A German simulation study of travel reduction through online shopping by Luley and colleagues (30) shows that a slight substitution is to be expected in the frequency of trips. Overall, more rather than less traffic is expected as use of e-shopping increases. For example, in the Netherlands e-shopping is likely to increase vehicle mileage, because in the urban areas van deliveries will often substitute for cycle or foot trips (31) .
Other empirical studies concentrate on analysing shopping activities via other media. An early study of the effects of e-shopping on the frequency of shopping trips was carried out by Keyzers and Wagenaar (32) . They surveyed 150 users of a grocery teleshopping service in a Dutch medium sized town providing the opportunity to send orders via the computer or telephone. A one-week travel diary and a questionnaire were used. The majority of the respondents were women (85%). One-third of the respondents did not own a car. The findings indicated that there was a slight substitution of shopping trips. Most people spent the saved travel time at home.
A study of the impact of general computer use on the frequency of trips was made by Hjorthol (20) . Although a slight reduction of work trips among computer owners compared with non-computer owners was found, there was no difference in total trips between the two groups. This means that more trips for other purposes must have been made. In this case the trips were related to taking children to different activities. This finding supports Gould's and Golob's (11) notion that a portion of the travel time saved is likely to be used for maintenance activities. Hjorthol also points out that the spatial flexibility gives a temporal flexibility, which can lead to a greater dispersion of trips over the day. Similarly, Mokhtarian (33) remarks that, besides substitution or generation, the flexibility that ICT could bring to people's lives should not be forgotten.
Other characteristics of travel behaviour, such as distance, mode, timing, and duration, have been studied less often than the frequency of trips. Cairns studied the potential mileage savings from home delivery services in the UK and concluded that savings were likely to occur (34) . The German simulation study by Luley and colleagues (30) showed that slight substitution was to be expected in the distance of trips. Dijst (13) points out the potential expansion of people's action spaces as a result of e-shopping. Action space refers to the area in which a set of opportunities is located which could be or have been used by people for their activities. Searching for information online could, for example, lead to the discovery of previously unknown places and thus to an increase of shopping trips. This could mean that the activity places visited were at a greater distance from home and more widely dispersed. Cairns also carried out a feasibility study of home delivery services for groceries and concluded that car travel for food shopping could be reduced (35) . Other research about travel mode found that e-shopping led to a change in modal split; people used the car less and walked or cycled more often (36) . The timing of trips seems to be affected by e-shopping. People avoid rush-hour travel (36) . A study by Viswanathan and Goulias (37) indicated that Internet usage was associated with a reduction in the duration of trips.
Dholakia and colleagues (38) relate the travel effects of e-shopping to the type of product that is purchased. They expect substitution to occur for maintenance and convenience products such as groceries and books. We expect that grocery-shopping travel is more likely to be affected by e-shopping than other shopping travel, since grocery shopping has fewer recreational and social aspects than other types of shopping. In short, the literature review does not give us much consistent information on the impact of e-shopping on travel behaviour. We can hypothesise that e-shopping has the potential to reduce travel time for shopping purposes and reorder visits to shops in terms of time and space. In this respect, the role of the residential environment has hardly been explored in the literature. This needs further analysis.
RESEARCH DESIGN AND DATA
Our conclusions drawn from the literature review led us to put forward the following questions to be addressed in the empirical part of this study:
1. What is the impact of sociodemographic variables related to time pressure in relation to other potentially relevant independent variables, such as residential environment, on e-shopping?
2. Which categories of people spend most time on shopping activities (activity duration and travel time) in various residential environments? To what extent do sociodemographic characteristics of in-store shoppers differ from online buyers?
To answer the first question, we used a dataset on e-shopping in the Netherlands that was collected by the online research agency Multiscope in April and May 2001. An online questionnaire was distributed to a sample of the agency's Internet research panel; the questionnaire also opened via pop-up windows on nine different websites at random for one out of 200 visitors. In total, about 2,220 people completed the questionnaire; 401 of these were from the agency's panel members, giving a response rate of 13%. The rest were from the pop-up windows, which had a response rate between 3% and 10%. In the dataset no distinction was drawn between groceries and other kinds of products.
The second question was answered by using data from the 1998 Netherlands National Travel Survey (NTS). This survey has been held every year since 1978 by the Central Bureau for Statistics among approximately 70,000 households; they are asked to complete a one-day trip diary. Household and personal information is also gathered by telephone. Data were collected in 1998 by surveying households each month. The survey thus yields information about the travel behaviour of some 130,000 individuals (39) . Of all the trips covered by the NTS, 14% were for shopping (N=58,070). Unfortunately, the NTS does not distinguish between different types of shopping, therefore we could not differentiate in our analysis shopping as a maintenance activity and shopping as a leisure activity.
Both datasets contained the respondent's place of residence. For the analysis we used a classification of Dutch municipalities in five categories. This classification combines city size, residential density, and land use mixing. The urbanization level of the municipalities was used as a criterion for categorization, together with the location of the municipality in the heavily urbanized Western part of the Netherlands (the Randstad Holland): Growth centres were developed in the 1970s as suitable suburban locations for firms and households moving away from the larger cities in accordance with national spatial planning policy (see 6). The growth centres evolved, however, into dormitory towns and have become the Dutch equivalent of the New Towns developed in various European countries in the 1960s and 1970s. Since their inhabitants exhibit travel patterns that deviate from other municipality types, they have been considered as a separate category. The number and accessibility of shops is highest in the core and medium sized cities of the Randstad, somewhat lower in the Randstad suburbs, and lowest of all in the less urbanized areas outside the Randstad.
E-SHOPPING IN THE NETHERLANDS
The Netherlands is one of the countries with the highest Internet use in the world (40) . In 2001, 74% of Dutch households owned a computer and 57% had Internet access (41) . Although the absolute number of e-shoppers is still relatively low, the growth rates of e-shopping are very high. While in 1998 only 2% of Dutch households eshopped, 11% were doing so in 2001 (41) . The most popular online products are books, CDs, and computer hardware and software. Furthermore, tickets and reservations, electronic products, videos, and clothing are frequently bought online (42) . E-shopping for groceries is only of minor importance, although the share of Dutch e-shoppers who buy groceries online has risen from 5% in 2000 to 8% in 2001 (40) .
In the Multiscope dataset, 48% of the respondents have bought online at some time. The most cited reasons for e-shopping are convenience, timesaving, and being independent of shop opening hours. While the majority of people sometimes doubt the safety of transactions via the Internet, only ten percent have reported having a negative experience when buying online.
To address our first research question on the personal, spatial, and time pressure related factors that affect e-shopping, we proceed in two steps. First, we discuss some bivariate findings about the characteristics of Dutch e-shoppers; second, we present the results of a multivariate logit analysis. A comparison of e-shoppers' personal characteristics with those of other Internet users supports the findings from the literature review above. E-shoppers are more often: · male (61%) than female (43%); · between 25 and 55 years old (58%) than younger or older people (40%); · have a high level of education (61%) and a high income (67%) than a medium or low level of education (46%) and a medium or low income (48%); · members of households with two or more members (56%) than singles (47%); · (self-)employed workers (59%) than others, such as students, housewives, retired, or unemployed (39%).
With respect to the residential environment, we found that inhabitants of the core and medium sized cities (57%), and the suburbs (53%) within the Randstad, as well as inhabitants of the less urbanized areas outside the Randstad (53%), buy more often online than people living in a growth centre (49%) or in the more urbanized areas outside the Randstad (46%). Table 1 shows that the general characterisation of e-shoppers as given above, also holds across the various residential environments. However, there are some differences. For example, women in the less urbanized areas outside the Randstad buy more often online than men. These women could be housewives, since in the less urbanized areas there are among the e-shoppers also relatively many low educated people and people without a paid job. E-shoppers in the core and medium sized cities in the Randstad are mostly singles, while e-shoppers in the growth centres and suburbs in the Randstad are mostly households with children. This can be explained by the fact that singles live more often in core cities, while households with children live more often in suburbs. Also outside the Randstad, e-shoppers in the more urbanized areas are mostly singles, while in the less urbanized areas e-shoppers are mostly households with children.
The literature review has shown that past behaviour is an important predictor for online buying. We therefore included some behavioural variables in our analysis. The results show that Internet and home shopping experience are important for online buying: 63% of those who already had Internet access in 1998 or earlier, 57% of those who use Internet frequently, and 56% of those who have previously used other home shopping methods, such as a catalogue or a telephone, have already shopped online. Furthermore, people with a credit card buy more often online (63%) than people without one (41%).
We calculated a binomial logistic regression model for explaining online buying by Dutch Internet users to control for the multivariate effects of the independent variables (see table 2 ). The results partly confirm the findings of the descriptive analysis. They indicate that being male, having Internet or home shopping experience, using Internet frequently, and having a credit card positively affect the likelihood of online buying. The relationship with age is nonlinear; we therefore looked for the optimum of the parabolic age function by taking the derivative and setting it equal to zero. Up to the age of 35 the probability of online buying increases, but it decreases thereafter. That is to say, the youngest (under 25 years) and oldest age groups (above 55 years) are the least likely to buy online. Living in an urbanized area outside the Randstad has a negative effect on the likelihood of buying online compared with living in the core cities and medium-sized cities in the Randstad. This finding can perhaps be ascribed to a different type of people living in the core cities. Casas and colleagues (5), for example, refer to the active lifestyle of e-shoppers. We do not find a significant effect of education or income on online buying. Neither do sociodemographic variables related to time pressure (workers and households with children) significantly affect online buying.
Since a quarter of the respondents search the Internet for product information for offline buying, but have as yet never bought anything online, we wanted to know to what extent these people differed from online buyers. This analysis did not yield any major differences, however, since there were no differences in terms of gender, age, or household composition. Nevertheless, people who are less well educated, who have a low income, or who have little Internet experience tend to search more often online for products without buying online than do other people. The same finding applies to residents of the growth centres in the Randstad and the more urbanized areas outside the Randstad.
To summarize, we did not find any impact of personal characteristics related to time pressure in the multivariate analysis of e-shopping. This could be caused by the absence of a distinction between grocery and non-grocery shopping. However, the residential environment does have an impact on online buying. We found that people living in the core and medium-sized cities in the Randstad are more likely to buy online than people living in urbanized areas outside the Randstad. Additionally, inhabitants of Randstad suburbs and less urbanized areas outside the Randstad e-shop more frequently than inhabitants of urbanized areas outside the Randstad.
IN-STORE SHOPPERS AND ONLINE BUYERS IN THE NETHERLANDS
In this section, we address the second research question about time spent on in-store shopping in different residential environments, and differences in sociodemographic characteristics between in-store shoppers and online buyers.
In general, half of the shopping trips were covered by car, almost one third by bicycle, and 18% on foot. Public transport is hardly ever used for shopping. People living in the core and medium-sized cities in the Randstad use the car least often for shopping, while people living in the less urbanized areas outside the Randstad use the car most often for shopping. One third of the shopping trips are linked with other trip purposes. Trip chaining enables shoppers to combine several activities efficiently and so save travel time.
In-store shoppers spend on average 80 minutes per day for shopping activities and associated travel (see table 3 ). However, the average shopping durations differ across the residential environments from 72 to 88 minutes. As table 3 shows, people living in the core and medium-sized cities, or the growth centres of the Randstad, and those living in the more urbanized areas outside the Randstad, spend most time on in-store shopping. As we have shown in section 4, these characteristics contrast to a certain extent with characteristics of online buyers. E-shoppers do not tend to live in the Randstad growth centers and in the more urbanized areas outside the Randstad. The following groups of people spend relatively a lot of time on in-store shopping:
· women compared with men; · people above sixty compared with younger people; · people with a low level of education compared with people with a high level of education; · people with a low or medium income compared with people with a high income; · households without children compared with singles and households with children; · housewives, pensioners, the unemployed compared with (self-)employed workers.
To summarize, if we compare the individual and residential characteristics of e-shoppers with those of people with long shopping durations, it seems that they tend to be complementary. The people spending relatively little time on shopping activities already buy online. For example, women in the suburbs and less urbanized areas spend the least time on shopping and buy most often online. This finding leads us back to one of the central findings in the literature review, namely that time-pressured households are expected to be eshoppers. If people are time-pressured, they minimize their shopping durations, because other activities have higher priority. Thus, when e-shopping allows for a further reduction in the time needed for shopping, timepressured people will use it -under the condition that technical feasibility and costs are not additional constraints hindering use. However, the results of the multivariate analysis in section 4 seem to contradict this statement, since they did not show any impact of indicators for time-pressured households. For example, households with children did not show a significantly higher probability for e-shopping than other households. In seeking an explanation for this inconsistent finding, it must be remembered that our analysis did not distinguish between daily groceries and other online products -although only the first category of products is of major importance for the time-budget and, thus, the timesavings for time-pressured households. Therefore, we hypothesise that in future time-pressured households can be expected to be more likely to e-shop more frequently for grocery products than non time-pressured households.
CONCLUSION
E-shopping has emerged in the last few years with high growth rates; as yet, little is known about its impact on travel behaviour. For this study we have combined three sources of information to contribute to the developing research field on e-shopping. Our research aimed to disentangle factors affecting the use of e-shopping and its potential impact on travel behaviour. With a literature review and the analysis of an Internet survey, we have shown that sociodemographic variables such as gender and age together with behavioural variables such as Internet and home shopping experience affect e-shopping. However, no effect of time pressure indicators was found. This result can perhaps be ascribed to the absence of a distinction between grocery and non-grocery shopping. Interestingly, the residential environment also affects e-shopping. Our expectation that households living in the suburbs or in rural areas at a greater distance from shopping locations would be more inclined to buy online than urban households was partly supported by our findings. However, also in core and medium sized cities in the Randstad the frequency of e-shopping is relatively high. With the Netherlands National Travel Survey data, we showed that, across different types of residential environments, the people who spend relatively less time on in-store shopping activities have the same sociodemographic characteristics as those who buy online (such as: workers, people with a high level of education, and people with a high income).
From the findings of this paper, we put forward four hypotheses about the possible future impact of eshopping on travel. The last two hypotheses are specific to the Dutch context. First, we expect time-pressured households to save time by online grocery shopping. This strategy could be used as a substitution for, or a complement to other time saving strategies. The time saved could be used for other maintenance, or leisure activities (11) . Second, an individual's action spaces can change as a result of increasing use of e-shopping. When shopping stores lose importance, other places such as those for leisure activities can become more important for an individual's action space. Together with the time-space convergence by increased travel speeds, larger and more fragmented action spaces will ensue, eventually, more travel (13) . Third, we expect personal travel behaviour to be most affected by e-shopping in the core and medium-sized cities, as well as the suburbs, in the Randstad, and in the less urbanized areas outside the Randstad. It is in these areas that e-shopping is most often done. Fourth, if e-shopping substitutes for grocery shopping trips, a reduction in car travel in the less urbanized areas of the Netherlands can be expected, while a reduction in walking and cycling in the more urbanized areas of the Netherlands can be expected. At this moment, people living in the less urbanized areas use a car more often for shopping trips, while people living in the more urbanized areas walk or cycle more often (6) . 
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